INTRODUCTION
Hepatocellular carcinoma (HCC) is a major health problem worldwide because it is the sixth most common cancer and the third most common cause of cancer-related death. 1 In addition, HCC is the leading cause of death among patients with liver cirrhosis. 2 For the treatment of HCC, a variety of modalities have been used, including local tumor ablation (e.g., radiofrequency ablation [RFA], cryoablation, microwave ablation, irreversible electroporation), transarterial chemoembolization (TACE), liver transplantation, and molecular-targeted therapy. 1 Among these, RFA is now accepted as a curative treatment for very early or early-stage HCC in several international guidelines for HCC treatment. 1, 3, 4 In particular, in patients with small HCC lesions (<2 cm) who are not potential candidates for liver transplantation, RFA may serve as an alternative to surgery for first-line therapy, according to the recent Barcelona Clinic Liver Cancer (BCLC) treatment strategy. 1 Furthermore, RFA has several advantages over surgical resection, such as increased preservation of surrounding hepatic tissues, a shorter hospital stay, decreased morbidity, and applicability for patients with advanced liver cirrhosis who are not candidates for surgery. 5, 6 However, early or late complications related to mechanical or thermal damage during RFA may be observed during follow-up. 7 Among them, aggressive tumor recur-https://doi.org/10.3350/cmh.2017.0006
rence after RFA has recently come into focus because it can lead to less favorable overall survival in patients who undergo RFA for HCC. 8 Thus, physicians should be aware of this newly recognized tumor recurrence after RFA for HCC. The aims of this review are to summarize the definition, mechanism, and imaging findings of aggressive tumor recurrence after RFA for HCC, to summarize the known risk factors, and to discuss the clinical implications of this complication and the preventive measures for tumor recurrence in patients who undergo local tumor ablation.
DEFINITION OF AGGRESSIVE TUMOR RECURRENCE
There have been various terminologies used in previous studies and case reports representing the phenomenon of aggressive tumor recurrence after RFA for HCC, such as "rapid intra-hepatic dissemination", 9 "aggressive recurrence", 10,11 "scattered and rapid intrahepatic recurrence", 12 "early diffuse recurrence", 13 "diffuse intrahepatic recurrence", 14 "rapid aggressive tumor progression", 15 and "aggressive intrasegmental recurrence". 8 Among these terminologies, we restricted our search to publications that included a definition of tumor recurrences. Shiozawa et al. 15 reported that "rapid aggressive tumor recurrence" was defined as the presence of a tumor with the following characteristics: identified within or adjacent to the ablated area, rapidly increased in size to more than twice the size of the ablated area during the follow-up period, and not detected on previous imaging studies. Lee et al. 13 defined "early and diffuse recurrence" as the occurrence of three or more new recurrent tumors identified within 1 year of initial RFA. Recently, Kang et al. 8 defined "aggressive intrasegmental recurrence (AIR)" as the simultaneous development of multiple nodular (>3) or infiltrative HCC recurrence in the treated segment of the liver. In addition, AIR was restricted to the initial manifestation of tumor recurrence in patients who were previously considered to have disease-free status at least 6 months after initial RFA to avoid confusion with tumor progression from residual tumor and unidentified microscopic metastasis or vascular invasion before treatment.
MECHANISM OF AGGRESSIVE TUMOR RECURRENCE
Although the exact mechanism of this kind of tumor recurrence remains unclear, intravascular tumor spread may be one of the causes of this serious complication. Abnormal communication between the hepatic artery and portal vein within HCC, such as an iatrogenic arterioportal fistula 16 or intratumoral shunt, 17 may develop during RFA, and this may enable cancer cell spread into the peripheral liver due to RFA-related mechanical injury ( Fig. 1 ). Another hypothesis is that rapid heating of a tumor may lead to a sudden increase in internal pressure of ablated tissue and cause the scattering of malignant cells around the ablation zone. 14, 18 In addition, although the results were based on an animal model studies, Ahmed et al. 19 recently reported that RFA of normal liver tissue can stimulate distant tumor growth mediated by the hepatocyte growth factor/c-Met pathway and vascular endothelial growth factor activation. Furthermore, RFA does not allow for systemic removal of the corresponding hepatic segment fed by tumor-bearing portal tributaries, and thus, micro-satellite nodules around the index tumor may not be effectively treated with RFA.
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IMAGING FINDINGS OF AGGRESSIVE TUMOR RECURRENCE
Based on the results of previous studies, 8, [11] [12] [13] [14] [15] [16] the imaging findings of aggressive tumor recurrence after RFA for HCC can be classified either as multiple nodular tumors or as a diffusely infiltrative mass with tumor thrombus formation. In general, multiple tumor nodules were all relatively uniform in size and developed simultaneously in the same segment of the liver peripheral to the ablation zone or both hepatic lobes ( Fig. 2 and Fig. 3 ). 13 Diffusely infiltrative tumor recurrences also developed in the peripheral part of the treated segment around the ablation zone with or without tumor thrombus formation in the adjacent portal vein (Fig. 4 ).
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INCIDENCE AND RISK FACTORS OF AGGRESSIVE TUMOR RECURRENCE AFTER RFA FOR HCC
Although the reported incidence of aggressive tumor recurrence after RFA for HCC is very low, ranging from 0.7-8.0%, its frequency increased up to 15% in the subgroup of patients with periportal HCC. 8, 12, 15 To date, several known risk factors of aggressive tumor recurrence after RFA for HCC have been identified. These include: larger tumor size, ill-defined tumor margin, 13 higher serum protein induced by vitamin K absence-II level, 15 rapid incremental increase in RF electrical power, 12,18 periportal tumor location, young age of patients, 8 and enhanced expression levels of hypoxia-inducible factor-1 and epithelial cell adhesion molecule in residual HCC after insufficient RFA. 20 These factors could be associated with this serious complication during the RFA procedure for HCC. Most risk factors are tumor-related factors regardless of whether or not the tumor has an aggressive behavior. However, among these risk factors, it is worth noting tumor location and energy deposition protocol because they are technical aspects of RFA procedures. In patients with periportal tumors, factors that promote tumor spread from the ablation zone into the adjacent 
CLINICAL SIGNIFICANCE OF AGGRESSIVE TUMOR RECURRENCE AFTER RFA FOR HCC
Although several studies have investigated the risk factors and imaging findings of aggressive tumor recurrence after RFA for HCC, [9] [10] [11] [12] [14] [15] [16] there has been only one study that directly evaluated the therapeutic outcomes of RFA for HCC according to the occurrence of aggressive tumor recurrence during follow-up. Kang et al. 8 reported that the occurrence of AIR during follow-up had a significant unfavorable effect on overall survival. This is because patients with AIR had a higher BCLC staging compared to those with usual local tumor progression or intrahepatic distant recurrence after RFA, which led to the use of palliative treatments, including radiation treatment or sorafenib therapy, in patients with AIR.
PREVENTION OF AGGRESSIVE TUMOR RECURRENCE AFTER RFA FOR HCC
In clinical practice, there are no available guidelines related to avoiding or preventing aggressive tumor recurrence following RFA for HCC. Until conditions for safe and effective RFA are better understood, we recommend that careful consideration be given to treatment for aggressive HCC, such as consideration of high tumor marker levels, ill-defined margins, or larger tumor size, which is associated with an increased chance of microvascular invasion and micro-satellite nodules around the index tumor, and perioportal tumors. In view of the relatively high frequency of AIR of HCC observed in patients with periportal HCCs and the previously reported clinical significance of AIR, we should know how to prevent or minimize this newly recognized tumor recurrence. Recently modified ablation techniques, in accordance with studies recommending use of sonazoid, 21 no-touch multi-polar ablation technique, 22, 23 longer ablation times at lower power, 18 combined RFA treatments with TACE, 24 or cryoablation, to prevent aggressive tumor recurrence after RFA for HCC have been used to prevent this serious complication, especially in patients with periportal tumors. However, the effectiveness of these techniques should be validated with further prospective studies.
CONCLUSION
To minimize or prevent this newly recognized tumor recurrence, 
